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Normal  human  serum  has  long  been known  to  contain  a  high  molecular 
weight protein component which is demonstrated by direct examination in the 
ultracentrifuge  (1).  This material, with a  sedimentation constant of approxi- 
mately 19  S,  has been found in  recent studies  to be composed of two  main 
types of protein,  one migrating electrophoretically as an  a2-globulin and  the 
other as a  ~,-globulin (2). The 19 S y-globulin is of particular interest because 
it appears to contain certain antibodies. Evidence has accumulated suggesting 
that some of the isoaggtutinins (1) and Wassermann antibodies (3), the complete 
Rh agglutinins  (4), and  certain pathological hemagglutinins  (5)  fall into  this 
fraction.  Chemical  and  immunologic  differences between  the  7  S  and  19  S 
~,-globulin indicate that the latter component is not a  simple aggregate (6, 7). 
Molecules with an s rate greater than 19 S are not detectable in significant 
amounts in fresh normal serum observed directly in the ultracentrifuge.  Thus 
far such proteins have been reported only in the sera of patients with Walden- 
strSm's macroglobulinemia where they represent secondary components asso- 
ciated with marked elevation of the 19 S fraction (8). 
It is the purpose of this paper to describe a  serum protein component with 
an s rate greater than  19 S in the y-globulin fraction of certain patients with 
rheumatoid  arthritis,  and  to  present  preliminary  data  on  its  physical  and 
chemical  properties.  Since  sera  from  patients  with  rheumatoid  arthritis  are 
known to potentiate certain immunologic reactions such as the sensitized sheep 
cell agglutination,  and form a  precipitate with ~,-globulin,  the relation of this 
component to these serologic reactions was investigated. 
Materials and Methods 
1.  Ultracentrifugation.--Analytical examinations of  whole sera and  of  isolated serum 
protein  fractions were carried out  in  a  Spinco model  E  ultracentrifuge.  Results  were 
quantitated  according to  methods described  by Trautman  (9). Although  the  initial  ob- 
servations were made on  electrophoretically prepared  "~,-globulin fractions, most  of  the 
subsequent studies were carried out  on whole sera. This  was  preferable for purposes of 
quantitation  because aggregation and  selective loss of the high molecular weight fraction 
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were  sometimes  observed  during  isolation.  Physicochemical  studies,  however,  were  per- 
formed on isolated preparations of "y-globulin. 
A  refrigerated Spinco model L  ultracentrifuge was used to prepare samples rich in high 
molecular weight  components.  This was  accomplished by 3  to  8  centrifugations of  whole 
sera or "y-globulin  fractions at 40,000 mP.M. The duration of each of these was sufficient to 
allow all molecules with s,0. ~ greater than 19 S to be packed into a  pellet at the bottom 
TABLE  I 
Corapariseu of the Reaction  between Various  Preparations  of"y-globulin,  both In~act and Altered, 
with Various  Control and Rheumatoid  Arthritis Sera 
~,-globulin 
10 rag.Ice. 
Fr. II 
Led.  C-439 
Fr. II 
:ut. Pool "B" 
State 
Intact 
Euglobulin 
Heated:~ 
Alkali treated 
Intact 
Heated 
Fr. II 
~q. 57 
Fr. II 
~q. 606 
El.  "y-glob. 
~ormal A.B. 
El. "y-glob. 
2irrh. C.P. 
El. ~/-glob. 
?ool 
Intact 
Heated 
Intact 
Heated 
Intact 
Heated 
Intact 
Heated 
Intact 
Heated 
Normal  Cirrh.* 
0 
0 
0 
l+ 
0 
Tr. 
0 
Tr. 
0 
2+ 
0 
Tr. 
Rheum. I 
0 
2+ 
2+ 
2+ 
1+ 
2+ 
o 
2+ 
2+ 
2+ 
0 
2+ 
0 
2+ 
0 
2+ 
Rheum. II 
0 
3+ 
4+ 
4+ 
2+ 
4+ 
0 
4+ 
3+ 
4+ 
0 
3+ 
0 
4+ 
0 
4+ 
* Cirrhosis serum with 5 gm. per cent "y-globulin. 
Heated =  62-65°C. for 5 to 15 minutes. 
of the tube.  Depending on the protein concentration, this time varied  between 2  and  11 
hours. The supernatants were poured off and the pellets resuspended in buffer prior to each 
centrifugation. 
In addition, density gradient centrlfugation was carried out in a  swinging bucket rotor 
containing a  sucrose gradient in isotonic saline. The gradient was formed by mild stirring 
and diffusion of three sucrose layers with concentrations up to 25 per cent at the bottom, 
and 0.9 per cent saline at the top. Serum (0.2  ml.) diluted with 1 volume of saline was lay- 
ered above and centrifuged for 5 hours at  110,000  g. The distribution of "y-globulin in the 
gradient was determined by quantitative immunologic assay using rabbit antiserum against 
7  S "y-globulin  free of 19 S material, and against 19 S "y-globulln.  The latter was prepared 
by absorbing antisera to whole T-globulin with  7  S "}'-globulin  (7). FRANKLIN,  HOLMAN,  MULLER-EBERHARD,  AND  KUNKEL  427 
2. Electrophoresis.--Zone electrophoresis  was  carried  out  according  to  methods  previ- 
ously  described,  using  starch  and  polyvinyl as  supporting  media  and  barbital  buffer pH 
8.6,  P/2  0.05-0.1  (10, 11). The blocks were divided into  }4 inch segments and  eluted  by 
displacement  filtration. Protein concentration  was  determined  by the modified Folin  tyro- 
sine  method.  Eluates were subsequently  used  for ultracentrifugal and  biological  studies. 
3. Biological Tests.--A  direct  reaction  between  rheumatoid  arthritis  serum  and  Fr.  II 
"y-globulin was described by Epstein and associates  (12). Observations with numerous prep- 
arations  of "y-globulin  in  the  present  study  indicated  that  fresh  "y-globulin  preparations 
isolated under optimal conditions either reacted very weakly or failed to give a  direct reac- 
tion with formation of a  precipitate.  Table I  shows  the results obtained with seven differ- 
ent preparations  of "y-globulin.  One preparation,  a  Squibb  Fraction II sample  supplied in 
1951 and  the oldest and least soluble  of  the group reacted strongly in the unaltered  state. 
Another  relatively fresh  preparation  obtained  from  Cutter  Laboratories  also  gave  a  dis- 
tinct reaction.  The other "y-globulin  fractions,  including two isolated from single  sera  and 
one  isolated  from pooled  sera  by  starch  zone electrophoresis did  not  show  capillary tube 
precipitation in 30 minutes.  However, each preparation,  following heating at  62  65°C.  for 
5 to 15 minutes gave a precipitate either immediately or within one-half hour with the two 
rheumatoid  sera used  in this experiment. Active preparations  were also obtained  from the 
euglobulin fraction  prepared  by  dialysis  against  distilled  water,  as  well as  by  treatment 
of -r-globulin  with alkali (pH 12.5).  The activity could be further concentrated from all the 
preparations by short periods of ultracentrifugation. The active material sedimented rapidly 
and was clearly partially aggregated "r globulin. No activity remained in the supernate at the 
position of 7 S material which contained the bulk of the 3' globulin. In the remainder of this 
study, the ~,-globulin precipitation test was performed using heated Lederle Fr. II "r-globulin. 
The altered 3,-globulin preparations were layered over sera in capillary tubes. They were read 
at 2 minutes and  30 minutes by observing the precipitate at the interphase.  The titers of 
highly active sera were determined by layering different dilutions over -r-globulin solutions of 
increased density, thus allowing a sharp interphase to be formed. 
Sensitized  sheep  cell  agglutination  reactions  were  carried  out  with  absorbed  sera  and 
protein fractions by the procedure of Heller and associates  (13).  The sensitization was car- 
ried  out  at  1/~0 the  basic  agglutination  titer  and  sheep  serum  was  omitted. 
RESULTS 
1.  Presence  of a High Molecular Weight Component in the Whole Serum and the 
"y-globulin Fraction of Certain Patients with Rheumatoid Arthritis 
31  sera  from  patients  with  rheumatoid  arthritis,  one with  associated  psori- 
asis,  and  37  sera  from  normal  control  subjects  and  patients  with  the diseases 
listed  in  Table  II  were  examined  in  the  analytical  ultracentrifuge.  All  sera 
were  diluted  with  an  equal volume of  normal  saline  and  with  few exceptions 
ultracentrifugal  examination  was carried  out within  1 week after being drawn. 
In  all  the  sera  examined  a  peak  previously  shown  to  have  an  s20.w  =  19  S 
separated  in  12  to  24 minutes  at  52,640  R.P.M.  This  can  be  observed  in  the 
pattern  of  the  normal  serum  shown  in  Fig.  1.  In  14 of the  sera  from patients 
with  rheumatoid  arthritis  this peak  divided  into  2  parts,  one  of which  corre- 
sponded  to  the  normal  19  S  component  and  one  of  which  sedimented  more 
rapidly.  Fig.  1  shows  the  appearance  of this  second  rapidly  sedimenting  peak 
at  8  minute  intervals  in  the  serum  of  one  patient  with  rheumatoid  arthritis. 428  RHEUI~IATOID  ARTHRITIS  AND  PROTEIN  COMPONENT  IN  SERUM" 
Fig.  2  illustrates the  presence of  this material in three  additional sera  with 
measurable amounts of this unusual component. 
Table II  shows  the  results of  quantitative determinations of  the  unusual 
higher molecular weight component in various sera. In one patient with rheu- 
FIO. 1. Ultracentrifugal patterns at 8 minute intervals of a normal serum and a serum 
from a patient with  rheumatoid arthritis.  A second component sedimenting more rapidly 
than the normal 19 S component is visible in the rheumatoid arthritis  serum. 
FIG. 2.  Representative  ultracentrifugal  patterns of three  sera from patients with  rheu- 
matoid arthritis containing smaller amounts of the high molecular weight component than 
the serum of Fig.  1. 
matoid arthritis the concentration of this material was 340 mg. per cent (Fig. 
1) which is greater than that of the 19 S component which normally makes up 
about 5  per  cent of  the  serum proteins  (2).  In six  others  the  concentration 
varied between 75  and  175  rag.  per  cent while in seven of  the patients with FRANKLIN,  HOLMAN,  M(~LLER-EBERHARD,  AND  KUNKEL  429 
rheumatoid arthritis it was present in a  concentration of less than 75 mg. per 
cent. This was too small to be accurately quantitated and was noted only as 
a  distinct asymmetry preceding the 19 S material. 
In the control group, none of the sera, with the exception of one serum from 
a  patient with infectious mononucleosis with a  heterophile titer of 3584,  con- 
tained detectable amounts of material sedimenting more rapidly than the  19 
Fro. 3. Ultracentrifugal patterns of the 7-globulin fractions electrophoretically prepared 
from the sera of 3 patients with rheumatoid arthritis  showing the normal 19 S and the un- 
usual high molecular weight component in different relative concentrations. 
TABLE  II 
Results of Analyses for the 22 S  Component in the Sera of Patients with Rheumatoid Arthrilis 
and Control Sera 
Mg. Per Cent 
22 S 
None ........ 
Less than 75.. 
75-125 ...... 
125-175 ..... 
> 300 ....... 
Diagnosis 
o 
1 
.... 
1  1  1  1 
:2 
1 
S component. In the latter serum the heavier material was not distinguishable 
as a  peak but as a  small, widely dispersed elevation above the base line. The 
concentration of the normal 19 S component was also unusually high. 
Seven of the sera  with measurable amounts of  the unusual high molecular 
weight fraction were  separated  by starch zone electrophoresis.  In the  5  with 
the largest amounts, the same component was present in the 3,-globulin frac- 
tion  (Fig.  3)  while in  two  others  with  initially low  concentration it  was  no 430  RHEUMATOID  ARTHRITIS  AND  PROTEIN  COMPONENT  IN  SERUM 
longer demonstrable.  In the one -y-globulin fraction  (Fig. 3  A)  from the serum 
shown  in  Fig.  1,  the  normal  19  S  component  is barely  visible because  of  the 
high  concentration  of  the  unusual  component.  Examination  of  the/~  and  ~- 
globulin  and  albumin  fractions  of  one,  and  the  a2-globulin  fractions  of  two 
sera  with  high  concentrations  of  the  high  molecular  weight  material  showed 
none  of  the  abnormal  component,  although  19  S  material  which  is  normally 
present  in  the  a2-globulin  (2)  was  observed.  Ultracentrifugal  analysis  of  the 
joint fluid and its "y-globulin fraction from the patient containing a  serum level 
of  340  rag.  per  cent  revealed  the  high  molecular  weight  component  in  each 
case,  but at  a  concentration  somewhat  lower than  in  the  serum. 
2.  Physical and Chemical Characteristics of the High Molecular 
Weight Component 
The  "y-globulin from  the  serum  containing  the  largest amount  of  this  com- 
ponent  was  separated  by starch  zone electrophoresis  into  7  fractions  of differ- 
ent mobilities.  Each  of these was  then  examined in the analytical ultracentri- 
fuge.  Fig.  4  shows  the  high  molecular  weight  protein  distributed  throughout 
most  of  the  "y-globulin  fraction.  Its  electrophoretic  mobility  was,  however, 
somewhat  faster  than  that  of the peak  of the "y-globulin. 
Although  evidence  of  heterogeneity  in  the  ultracentrifuge  was  obtained  in 
certain  instances,  an  attempt  was  made  to  determine  an  approximate  sedi- 
mentation  coefficient of the unusual  protein. 
Since in the whole "y-globulin fractions examined the high molecular weight component 
never made up more than 20 per cent of a  three component system, it was difficult  to cal- 
culate its sedimentation coefficient  at infinite dilution by analysis of its s vs. c dependence. 
Therefore, 9  fractions of "y-globulin  from 4  different sera were examined  at  different pro- 
tein  concentrations  and  the  s  rates  of  the  normal  19  S  and  the  unusual  high  molec- 
ular weight components were determined.  From the observed values, the s  rate  of a  com- 
ponent at infinite dilution can be calculated by applying a  correction for the concentration 
of itself and  all slower  sedimenting material as previously described  (2).  The kj of 7 S ,)/_ 
globulin was 0.007 ml./mg., that of the 19 S and heavier material was assumed to be 0.017 
ml./mg. (2).  The observed sedimentation coefficients  in barbital buffer for the unusual  rap- 
idly sedimenting component varied between 15.9 and  18.3 S. Application of the corrections 
for  concentration  differences  and  addition  of  10  per  cent  to  convert  from  barbital  buffer 
to distilled water resulted in a  calculated s%0. w of 21.2 and  reduced the range of variation 
to  0.8  S  (20.9  to  21.7  S).  This  suggested  that  the  same  molecular  species  was  present 
in each of the 4 sera examined. The s rate of the normal  19 S component calculated at the 
same time was  somewhat  low  (17.2 to  18.5 S)  compared  to previously determined  values 
of 18.5 S  (2),  and  suggested that  the value 21.2 for the unusual  component might  be low 
also.  Since this could be due to the large excess  of 7 S material present,  one preparation 
of "y-globulin was repeatedly centrifuged in 5 per cent NaC1  to decrease the concentration 
of 7 S material and to increase  that  of the heavier molecules.  Examination of this prepara- 
tion which contained  approximately  25  per cent  7  S material  at  two  dilutions and  appli- 
cation of the same corrections resulted in approximate s°20. w of 18.2 and 22.7 S for the nor- 
mal and abnormal components, respectively. For purposes of convenience the unusual  high ]~RANKLIN, HOLMAN, MULLER-EBERHARD, AND  KUNKEL  431 
molecular weight material  will be referred to subsequently  as the 22 S component.  How- 
ever, in view of the broadness and asymmetry of the observed peak in the ultracentrifuge 
it appears  quite  likely that this  component is composed of more than one molecular spe- 
des, and that the values obtained represent  either the sedimentation coefficienl of the ma- 
jor constituent  or the average of all of them. Accurate determinations must await  the iso- 
lation  of the substance  in pure  form. 
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Fro. 4. Electrophoretic  distribution  of the serum proteins  of a patient with rheumatoid 
arthritis  compared to the unusual  high molecular weight  component  (above) and the ac- 
tivity in the sensitized sheep cell agglutination  and 7-globulin  precipitation  tests  (below). 
To characterize  further  this  component,  attempts  were made  to dissociate 
it with 4  to 6 molar urea, acid buffer pH 3, and saline in concentrations up to 
15 per cent. Urea in concentrations between 4 to 5 molar resulted in disappear- 
ance of this component and a corresponding increase in the 19 and7 S material. 
Numerous observations of this type which will be reported in detail separately 
(14) indicated that the high molecular weight protein was a complex consisting 
of approximately 50 per cent 19 S material and 50 per cent of another protein 
probably of the 7 S type and that it was dissociated into its component parts 
in urea. The 19 S material  released on dissociation sedimented exactly as the 432  RHEUMATOID  ARTHRITIS AND  PROTEIN COMPONENT  IN SERUM 
normal 19 S and showed a  protein and carbohydrate content similar to that 
previously described for 19 S "r-globulin  (6,  14). Because of its apparent het- 
erogeneity and broad  electrophoretic distribution it is quite likely that the 
22  S component is composed of several complexes with different molar ratios 
of 7 and 19 S "r-globulin.  Assuming the molecular weight of the 7 S material 
to be 160,000 and that of the 19 S -r-globulin to be 900,000  the approximate 
average molar ratio of 7 to 19 S material in this complex would be of the order 
of 5 to 1. Although the component was most readily dissociated in urea, it could 
also be broken down with acid buffers to a  19 S fraction and another of lower 
molecular weight. 
TABLE HI 
The Rdationship  of the Amount of d~e gg S Corn ~onen~ to Activity in the'r-globulin Pre~ipltatlon 
and S/~p C~ Ag 
•  r-globulin precipitation 
Amount of 22 S 
material  Di/utlon 
Hone... 
<75  nag.  per 
cent... 
75-125  nag.  per 
cent.. 
125-175 rag. per 
cent.. 
>300 nag. per 
cent 
Neg. 
6 
0-25  50 
8 
3 
100  >150 
1 
!  ! 
1 
lutlno~i~  T#a~ 
Sensitized sheep cell agglutination 
Dilution 
2O48  <32 
1 
128 
2 
I 
I 
256 
! 
2 
512  1024 
I 
2 
2 
2 
I 
3.  Biologic~ Properties 
Table III shows the relationship of the concentration of 22  S material to 
the "r-globulin  precipitation and the sensitized sheep cell agglutination tests. 
Some correlation was observed particularly between the intensity of the pre- 
cipitation reaction and the amount of 22 S material. Ultracentrifugal analysis 
was comparatively insensitive and biologic activity was found to be present in 
the highly active sera at dilutions where 22 S material was no longer detectable 
by ultracentrifugal examination. It is, therefore, not surprising that many of 
the sera with lower titers did not show 22 S material on direct examination. 
However, occasional discrepancies were noted, particularly with the sheep cell 
agglutination test in which the titer failed to correlate well with the concen- 
tration of 22 S material. The most striking exception was noted in the serum 
containing 340 rag. per cent of 22 S material. Although it contained the greatest 
amount of unusual component and reacted most strongly in the 7-globulin 
precipitation test, it was less positive in the sensitized sheep cell agglutination FRANKLIN, HOLMAN, MULLER-EBERHARD, AND  KUNKEL  433 
reaction than sera  containing smaller amounts of  this  component. However, 
with  both  reactions all  the  sera  that  were  most  positive showed  measurable 
amounts of 22 S component. The latex fixation test (18) was also carried out on 
a  number of these sera.  The titer was highest in sera showing the most 22  S 
component. 
To test further  the role of the high molecular weight component in  the  serologic reac- 
tions, attempts were made to obtain preparations relatively enriched in 22 S material. Re- 
peated  preparative  ultracentrifugation  of  2  sera yielded preparations  containing approxi- 
mately  15 times as high a concentration of heavy molecules as the sera from which they 
were prepared with a simultaneous 4- to 15-fold decrease in the level of 7 S T-globulin. One 
of these showed a 16-fold and the other one a 32-fold increase in the  titer of the T-globulin 
precipitation  test.  Similar results  were obtained  with  the  electrophoretically isolated T- 
TABLE  IV 
Distribution  of Rheumatoid  Arthritis  Factors, T-Globulin  and  Total  Protein  in Fractions  of 
Serum Separated  by Density Gradient Zone  Centr{fugation 
Sheep cell agglutin.  7-glob.  precip, react.  Fr. No.  Total protein  Immunol.  7-glob.  dilution 
1 top 
2 
3 
4 
5 
6 
7 bottom 
mg./cc. 
.88 
5.20 
5.52 
2.48 
0.88 
0.56 
0.24 
reg.~co. 
0.05 
0.5 
2.2 
0.9 
0.1 
0 
0 
0 
0 
1/64 
0.08 
0.05 
1/256 
1/64 
0 
0 
0 
0 
+ 
+++ 
+ 
globulin preparation  from  1 serum. These studies  were limited somewhat because in the 
process of preparation,  aggregation of molecules took place resulting in a  broad range of 
high molecular weight components. 
Further direct evidence that the activities in the precipitation test and sheep 
cell agglutination test were contained in a  high molecular weight fraction was 
obtained by centrifuging whole serum in a  density gradient. Table IV shows 
the  results obtained from  the  serum  of  a  patient with  rheumatoid arthritis. 
In this case,  as well as in 3  others tested,  both  the activity in the sheep cell 
agglutination and the  y-globulin precipitation test  were  associated  with pro- 
teins sedimenting more rapidly than the bulk of 7 S T-globulin. The latter was 
detected at various levels of the density gradient tube by means of quantita- 
tive immunological assay.  No activity by either test was found in the upper 
fractions which contained more than 90 per cent of the 7 S T-globulin. Activity 
was completely localized near the bottom of the tubes at a  point at which less 
than 10 per cent of the total protein was found and at which  19 S T-globulin 
as determined by specific antiserum to this fraction was localized. This was also 434  RHEUMATOID  ARTHRITIS  AND  PROTEIN  CO1V[PONENT  IN  SERUI~ 
true of activity measured by the latex fixation test. These experiments, although 
indicating an association of biologic activities with high molecular weight pro- 
teins, did not differentiate the 19 and 22 S types. 
The role of the 22  S  component in  the  "/-globulin precipitation and  sheep 
cell  agglutination  tests  was  further  demonstrated  by  repeatedly  absorbing 
positive sera or 3,-globulin fractions with heated or otherwise altered 3'-glob- 
ulin. Following multiple absorptions there was almost complete loss of activity 
in both tests in the supernatant solutions and on ultracentrifugal examination 
FIG. 5. Comparison of the ultracentrifugal patterns of the serum of a patient with rheu- 
matoid arthritis (above) and  the same serum (below) following 5 absorptions with altered 
"g-globulin. 
there was a diminution or complete disappearance of the 22 S component (Fig. 
5). The small amount of inhomogeneous heavier material noted in this figure 
following absorption was introduced at least in part with the y-globulin prep- 
aration used in the procedure. 
The electrophoretic mobilities of these biologic activities was determined by 
testing electrophoretically separated protein fractions.  In  the 3,-globulin  pre- 
cipitation  test,  fractions from six  sera  were  tested.  Two  of  these  were  also 
studied in the sensitized sheep cell agglutination reaction. The electrophoretic 
distribution  varied  somewhat  in  different sera.  Fig.  4  illustrates  the  results 
with the serum of Fig. 1. In this case as well as in 4 others tested with 3,-glob- 
ulin  and  in  the  two  tested  with  sensitized  sheep  red  cells,  the  activity was 
found throughout  the whole  -r-globulin region with  a  peak  somewhat faster 
than 3,-globulin.  In one other, the peak of activity corresponded with that of ~RANKI,IN~ HOLMAN, MOLLER-EB'F.RHARD~ AND  KUNK~EL  435 
q,-globulin.  In none of the sera tested was activity detected in the ~, a2,  al- 
globulins or albumin. Fig. 4 shows that in one serum in which the distribution 
of activity as well as  the  22  S  component were determined both migrated 
somewhat faster  than the  "t-globulin peak,  although it was not possible  to 
determine if their distribution was absolutely identical. 
DISCUSSION 
The  sera  of  many patients  with  rheumatoid  arthritis  potentiate  certain 
agglutination reactions such as those of sensitized sheep cells (15),  some types 
of bacteria  (I6),  certain human red cells  and their antisera  (17),  and latex 
particles  (18)  or red cells coated with Fr. II ~-globulin (13).  This property 
has been attributed to the presence of an agglutination-activating factor or 
factors. It has been further shown that this substance takes part in certain 
precipitating  antigen-antibody reactions  and  is  thereby  removed  from  the 
sera (19), and that it can react with Fr. II ~-globulin to give a precipitate (12). 
The present observations indicate that a  precipitate forms in the presence 
of altered ~oglobulin and that the serum factor reacting with the altered ~- 
globulin is probably related to a  high molecular weight protein which is not 
present in detectable amounts in normal sera. The latter, with a sedimentation 
coe~cient of approximately 22 S, can be observed directly by ultracentr~ugal 
examination of strongly positive sera and ~oglobulin fractions prepared from 
them.  F.vidence was obtained indicating that  the factor responsible for the 
sheep cell agglutination reaction was also a  high molecular weight y-globulin 
although a  direct relationship to the 22 S component was not completely es- 
tablished. The other reactions of rheumatoid sera mentioned above with the 
exception of the latex fixation test were not specifically studied. However, it 
seems possible that they too are related to the 22 S material. 
The exact incidence of the 22 S component in sera of patients with rheuma- 
toid arthritis is difficult to determine from this study. Not all of the patients 
utilized were actually observed and some selection of cases occurred, particu- 
larly in regard to the sheep cell agglutination reaction. An approximate esti- 
mate of the frequency would place the figure at somewhere in the region of 
of the cases. This figure includes a number of instances in which instead of 
a  well defined component only an asymmetry preceding the  19  S peak  was 
seen. Such small asymmetries in the ultracentrifugal patterns would not have 
been considered significant in the absence of the clearly defined peaks noted 
in the same location in other instances. It would appear that the ultracentri- 
fuge is a rather insensitive tool and that it shows the unusual high molecular 
weight component only in those sera which contain relatively large amounts, 
and which give very positive  ~,-globulin  precipitation  and  sensitized sheep 
cell agglutination tests.  This is in line with the known higher incidence of 
positive results for these reactions in patients with rheumatoid arthritis (20). 436  RHEUMATOID ARTHRITIS AND PROTEIN COMPONENT  IN SERD~ 
Because of the insensitivity of ultracentrifugation it is also not possible to 
exclude the presence in normal sera of components  sedimenting more rapidly 
than the 19 S material. Higher molecular weight peaks appear in normal sera 
that have been  enriched  by repeated preparative ultracentrifugation (2). Al- 
though these  appear to be produced at least in part by aggregation  during 
these procedures,  it is possible that small amounts may be present normally. 
These components are probably different from the 22 S component described 
here in that they usually sediment more rapidly (approximately 28  S),  and 
fail to react with altered T-globulin or sensitized sheep cells even when present 
in easily detectable amounts following concentration. 
The unusual high molecular weight component may not be a single distinct 
chemical entity but rather a group of proteins or protein aggregates.  Its elec- 
trophoretic distribution is greater than would be expected for a homogeneous 
protein. Similarly the peak noted in the ultracentrifuge is broad. Preliminary 
studies have indicated that urea dissociates the high molecular weight material 
into 2 components  with sedimentation coefficient of 19 S, and approximately 
7 S. These observations  favor the possibility that the 22  S component is a 
complex of 19 S material and some lower molecular  weight protein and that 
it exists  in a  soluble  state in the sera  of certain patients with rheumatoid 
arthritis.  It  then precipitates readily under various conditions,  particularly 
upon the addition of small amounts of slightly altered T-globulin. 
The dissociation  of the high molecular  weight protein component to give 
19  S material suggests  a  relationship to normal  19  S  T-globulin.  Since  the 
latter probably contains a  number of antibodies (3  to 5),  it is possible that 
this 19 S material from the rheumatoid arthritis sera is also an antibody which 
interacts with a  second protein. Whether the second protein is antigen or a 
component of complement or non-specific 7 S T-globulin remains obscure. The 
possibility that the 22 S component might represent a soluble antigen-antibody 
complex  appears  worthy of further investigation. 
SUMMARY 
In  the sera  of a  number of patients with rheumatoid arthritis an unusual, 
high molecular  weight protein component could  be detected by direct ultra- 
centrifuge analysis of whole serum. This material sedimented more rapidly than 
the normal 19 S component and reached  concentrations up  to 340  rag. per 
cent. Similar components were not observed in a limited control series. 
The high molecular  weight material was present in the T-globulin fraction 
of serum and joint fluid. It had an s20., of approximately 22 S and  could be 
dissociated  into 2 fractions, one of which  had a  sedimentation coefficient of 
approximately 19 S. 
Evidence for a direct relationship between  the 22 S component and the T- 
globulin precipitation test was obtained. The latter reaction was found to occur FRANKLIN, HOLMAN, MULLER-F.BERHARD~ AND KUNKEL  437 
in the presence of altered, aggregated ~, globulin. Absorption of serum with 
altered ~, globulin removed the 22 S component. There also appeared to be a 
connection with  the  sheep cell agglutination  reaction and  the latex fixation 
test. The 22 S fraction was always observed in sera giving the most positive 
tests. Procedures of density gradient and repeated preparative ultracentrifuga- 
tion demonstrated that each of these reactions was caused by a high molecular 
weight ~raction. 
The relationship  between  the  unusual  protein  complex and  various  19  S 
"y-globulins and 19 S antibodies is discussed. 
The authors are very much indebted to Dr. William H. Kammerer, Dr. Richard H. Frey- 
berg, and Dr. I. J. Estrin for their aid in obtaining some of the serum specimens employed 
in this study. 
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